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SUM'RY

TH73 S,TECTS OF DIFFRENT 12.THODS OF PMCTICE
ON FTU-DIRECTD PSRFORIES

The purpose of this study was to investigate the effects of
vrrious rates of presentation in combination with massed and spaced,

concurrent nnd nonconcurrent practice modes on film-mediated percep-

tual motor performance. This was a pioneering investigation into
this combination of variables within a factorial design, within a

single practice session, and under research conditions that were

controlled by the use of mediP technoloiy.

Three basic films were prepared for the stimulus materials
and each contained twenty-four identical performances of the c

criterion task. The films differed only in the rate at which they

were photographed and subsequently presented - normal speed and two

slower motion speeds.

The criterion task wns the tying mid testing of an unfamiliar
knotted figure which involved a series of interrelated steps leading

towards a final measurable product.

Three levels of mPssed-spaceC practice were investigated.
One third of the subjects watchrA one criterion task on film and

practiced one criterion task alternately throughout the experiment.

The second group watched three performances and practiced three

tasks alternately. The third group watched six performances and

practiced six tasks alternately.

Concurrent nnd nonconcurrent practice modes were the values

of the third variable under investigatiln, Half of the subjects

watched the performance and tlxin prncticed without visual stimuli.

The verbal instructions were programmed on tape cartridges.

The eighteen experimental treatments were randomly ordered
and assigned to one hundred and eighty men and worren graduate
students in education at Indiana University. The subjects were

tested individually within p'oups of five in an air-conditioned
laboratory which was set up like a small portable language laboratcry.

The practice period was followed by a criterion testing period

and four dependent variables were investi,6ated. Scores were given

for the number of criterion tasks completed and step analysis scores

were given.
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The experimental data was analyzed by the use of four analyses

of variance and the Duncan new multiple range test for the signif-

icant differences between means. Significant F ratios at the .01

level were found for the main effect of rates of presentati-m in all

of the experimentril problems. Slower rates were more effective.
No significant difference was found between massed-spaced practice
modes. Experimental evidence in some of the problems indicated that
concurrent modes may be more effective than nonconcurrent modes.
The possibility of interactions being found in future research was

suugested. The selected scale of measurement and choice of dependent
variable to be examined appeared to have influenced the amount of
significant difference found.

This study can serve to generate further research and many

related follow-up studies were sut,E-,ested and described. The develop-

ment of an integrated body of evidence will lead towards more useful
practices in the instructional process involving perceptual motor
learning in such diverse areas as the performing arts, special
eduction for the handicapped, athletics, vocational educ-,tion and

industry. Such research may influence educational practice as well
as provide insight into how complex perceptual motor shills are

learned and how conditions of learning may influence perception

and personality.

Margaret Anne Patricia Montgomery



INTRODUCTION

Teachers in the area of perceptual motor learning are confront-

ed with two important tasks. They must present demonstrations of the

motor skills to be learned by their students and these demonstrations

must contlin all of the crucial cues involved in each skill. Sueh dem-

onstrations serve as models for the students and influence their

performance.

The challenge to the teacher does not end here, however. The

teacher must carefully set the conditions for learning and very them

accordin,s: to the particular situation and the problems of students,

individually and collectively. Once the perceptual motor skill has

been analyzed into its component parts, the teacher must make decisions

on how this demonstration will be presented to the students and haw

the students will practice.

The teaching and performing experiences of the experimenter

prompted this investiotion. Rate of presentation appeared to hive an

effect on the motor performance of the experimenter's students but this

factor needed study under controlled conditions and in relation to other

factors such as practice. The results of this study could reveal the

effects of varying the conditions of learning and influence the ways in

which perceptual motor skills are presented and practiced.

Glaser (1965) stresses the importance of bridging the critical gap

between basic psycholoEical research and teaching practices, thus devel-

oping a better defined area of educational research to serve as the link

to translate research findings into useful practices. Glaser (1965),

Fleishman (1965), and Lumsdaine (1965) are concerned with education and

training in the instructional process and the role of instructional tech-

nology in industry, the military and in education. They have investigated

many areas of learning and one of the emphasized areas has been motor

learning. Glaser feels that specific training research can provide

results that will have useful implications for psycholoaical research

as well is educational practice.

Cratty (1964) shows similar concern and has analyzed most of the

important research in human movement behavir)r. He notes the reeent in-

crease in these research studies and the application of the results to

such diverse areas as athletics, fine arts, skills for the physically

handicapped, technical skills in industry and education, rhythmical

activities such as dance, and the skills involved in the integration of

man-machine systems. He points out that research in human movement

behavior may influence educational practice and even more important,

may provide insi:ht into how complex perceptual motor skills are

learned.
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Theory-Oriented, Multivariable Research

Many investigators stress the importance of theory-oriented film

research. Black (1965); Carpenter (1962); Lumsdaine (1964); Smith and

Van Ormer (1949) emphasize theoretically-oriented variables rather than

gross characteristics of instructional media, thus otfering a sounder

basis, for generalization of results. Lumsdaine discusses the strengths

and Weaknesses of research studies which involve variation of a single

factor and those which involve multivariable experimentation. He con-

cludes that the latter type of research, if kept relatively simple in

design, will prob,thly result in broader and more useful generalizations

than the former type. He feels that the weakness of the single factor

investixation lies in the researcher's probable neglect of possible

interaction which could lead to confaunded results. The literature

suggests the importance of controlled study of the effects of various

rates of presentation and practice on perceptual motor performance.

The effect of various r-tes of presentation might be influenced by the

kind of practice modes used and therefore a multivariable research de-

sign investigating these various fqctors might yield fruitful results.

Experimental Control Through Media Technoloy

A lack of controlled presentPtion of stimulus materials is read-

ily apparent in research in motor learninw. Live demonstrations differ

even when performed by the same individual expert. This is particular-

ly true when the demonstrator performs at different speeds or ratea of

Presentation. Lumsdaine (1964) discusses the importance of oontrolled

presentation of stimulus materials and he emphasizes the advantages of

filmed stimulus materials which can then he mpeated ad infinitum in

practice situations and test situations. Controlled manipulation of

variables such as rates of presentation and repetition is more assured

through the unique advantage of having captured a criterion perform-

ance permanently on film. Through the use of media technology an expert

performance on film can serve as the stimulus material for a variety of

experimental conditions and rate of presentation can be manipulated by

the use of varialle speed photography or variable speed projectors.

Rate of Presentation

Studies involvin rate of presentation in film-mediated percep-

tual motor learning (Jaspen, 1950; McGuire, 1961 ab; Roshal, 1949)

1961) reveal that slower rates of presentation may positively affect

performance because the subjects would have more time to observe and

make a response. However, the researchers sw-,Lest further controlled

reseProh. Results from other studies indicate that other factors may

influence the effectiveness of rate of presentation. Vincent, Ash and

Greenhill (1949) conclude that when a large amount of information is

presented at a rapid rate, interference occurs and subsequently affects

4



performance. Hobln and Van Ormer (1950) feel thnt the length of the

task or the amount of informati)n contained in the stimulus materials

could interact with the rate of present-tion -n, -ffect performance.

Thus, the criterion task must 1.e carefully selected for this pioneering

study. Representative criterion tasks should be selected from the per-

ceptual motor spectrum 2nd should be examined individunlly and in

groups in future research.

Lumsdaine (1965) feels that the adequacy of the original percep-

tion is critical and that many skilled acts may occur too Quickly, thus

hampering the development of n stable perceptual plttern. He urges the

use of the unique advantnFes of the slow-motion capabilities of motion

picture technology to investifate rate of presentation.

Gropper and Kress (1965) investir-ted forced fast-slow practice

rates in programmed instruction for subjects of high and low intell-

igence. They found that intellig.ence, rnte of presentation and self-

paced, fixed-paced practice modes did interact to produce significant

differences in performance related to verbal comprehension.

There may be an interesting relationship between tae rate of

presentation and practice and the research that is beinf; done in com-

pression by Travers (1964) where it has been found that speeds in

verbal presentation affect comprehension and performance. Humans tend

to edit that which is presented to them verbally and visually and

Travers indicates that perhaps humans could comprehend at faster rates

of presentation depending on the clarity of the message. This approach

may contrast with that of the previgusly mentioned researchers who have

suggested the need for slower rntes of presentation.

Mhssed-Spaced Presentation and Practice

Cratty (1964) presents a summary of the research in motor learn-

ing. He feels that an exhaustive search of the literature reveals that

the question of whether massed or spaced practice is more effective in

motor learning remains largely unanswered. He urges further reseeiTh in

both fine and i-zoss motor learning and particularly advocates research

concerning massed-spaced practice modes within a single practice sessions

Cratty reviews the research on massed end spaced practice in relation to

long-term retention and he concludes that the very little research that

has been done yields conflictinF results. klIen an experiment consists

of more than one practice session, it is difficult to exercise control

over the time when the subjects ore not in the experimental setting.

Once research has been conducted on subjects involved in a sinf.:le

practice session, the investigation can be extended to practice sessions

of varying lengths and number.
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Hilgard and Marquis (1961) examined pursuit-motor performance

and found that the massing of practice within a single session proved

initially more effective and that the spacint:, of trials in n single

session became more effective later in the lcarnirc process. This

agrees with Eednick's (1965) review of research on this topic. He

advocates massed practice when the tasks are relatively short and not

too difficult because there is less chance for work decrement and inter-

trial forgetting. Cratty points out the importance of considering the

nature of the task, the length of the retention period and the amount

of original learning. He feels tha t. research reveals that the internal

consistency of the task is a most important variable and that if a task

is short, although complex, it should be practiced as a whole. This

agrees with the Maccoby and Sheffield (1958, 1961) conclusions when

they point out that whole task practice is more effective when the

subjects are required to perform the task later without instructional

support.

Cratty feels that certain generalizations can be made on the

basis of existing research: (1) The amount of spacing of practice

seems related to the type of task and the stage of learning reached.

(2) Initial massing of practice appears to be most effective for ac-

quiring a base from which to proceed. He points out that sane research

indicates that those tasks that require visual-motor coordination seem

most favorably affected. by spacing practice while those tasks that are

largely motor seem most favorably affected by massed practice. The

perceptual motor skill that has been selected as the criterion task in

this investigation requires visual-motor coordination and therefore

the spacinc practice should prove more effactive. On the other hand,

the complex task is unknown to the subjects at the beginning of the

experiment and so possibly initial massing of practice might be more

effective.

Cook (1960) feels that his survey of research reveals that audi-

ences need mre repetition of the task than they are usually given.

He feels that designers of filmed stimulus materials are so familiar

with the task that they tend to underestimate the viewing and practice

needs of the audience in order for many of tlem to reach the level of a

criterion performance. Pilot studies will yield data that will enable

the determination of how often the criterion task must be repeated in

experimental investigations.

Overt and Covart Practice

Lumsdaine (1965) sugie,ests that early forced overt response may

lead the subjects into making a response before thay are ready perhaps

causin6 a stressful situation and, in addition, causing a practice of

errors. He feels that research evidence weighs in favor of the active

response and practice but he indicates that such variables as the nature

of the task, rate of presentation and the amount of practice ttme in-
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nuences the results and must he more thoroughly investioted. Black

(1965) examined the reseerch and also believes this may be the case.

Hulett (1966) points out the importance of covert rehearsal in his

symbolic interactionist model of human communication and he feels that

it is here thnt an individual interprets the motivating stimulus

input pnttern and organizes his response.

Hovland, Lumsdaine and Sheffield (1949) report that differences

between covert and overt practice modes are lessened when a post-test

situation is announced to the subjects before the 7)ractice trials.

However, Michael and Maccoby (1961) report that practice appeprs to be

the key factor and that the overt response appears to be favored for

verbal material.

When Michael and Maccoby compered overt versus covert responding

to the same set of questions and when both groups had the same length

of tine to respond, the:i found no difference between the two groups.

This coincides with results of studies by Cook and Spitzer (1960) and

Goldbeck (1960). Holland (1960) sufz:ests that the relevance of the

responses and cues influences the need for and effectiveness of overt

patterns of responses. McGuire (1955 b, 1961 a) reports on studies

involving rates of presentation and overt-covert practice modes in the

naming of mechanical parts. Rate of presentation was varied during the

instructional trials but not during the practice trials. There was no

significant difference between the overt and covrt groups at the

slower rate of presentation but the covert group was significantly better

than the overt group at the faster rate of presentation. The overt group

was inferior in performance to a non-practice group at the faster rate.

Concurrent Viewing and Practice

Studies have been designed in which the filmed stimulus meterials

have been presented and then followed by practice (Harby, 1952; Nelson,

1958). Thus, there is an interval between the presentation of a se-

quence of motor stimuli and the opportunity for the subjects to practice

what they have observed. This is in contrast to studies (Jaspen, 1950;

McGuire, 1955 abc, 1961 abc; Rimland, 1955; Roshal, 1949) where subjects

could practice while they viewed the stimulus materials. Resolts in.

dicate that concurrent practice may be more difficult at the faster

rate of presentation. The researchers suggested the need for hrther

controlled investigation.

Knowledge of Results, Prompting and Confirmation

Lumsdaine (1965) reviews the research an6 condludes that knowledge

of results after covert or overt practice has a positive effect on perform-

ance. However, he points out the ambiguity of knowledge of results in

that such knowledge may be considered an additional, implicit trial. The

importance of immediate and specific knowledge of results rather than a

right-wrong partial knowledge of results is stressed.
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Cook (1950, Cook nnd Spitzer (1960) and Irion and Briggs (1957)

show the superiority of the promptinz procedure over the right-wrong

confirmati)n in paired associate and serial lc arninE. Cook reports

the superiority of partial promptin in paired associate materials.

In an investi-,-tion of concurrent practice and viewing, the film

stimulus materials could serve as a prompt or partial prompt. rhe

quality of task performance coule la: assessed inmdiately in terms of

the criterion mcasurin; standard that would appear on the filmed

stimulus materials and n,7ainst which the subject would test his

criterion tasks.

Choice of Iask nnd Task Analysis

Gl-ser (1965), Gagn and Paradise (1Q61) nnd Stolurow (1961)

emphasize the importance of specifyin.; objectives and task analysis

for the design of rasearch end instruction. Sucb action clarifies the

terminal behavior required and enables the researchers to design and

revise stirulus materials that will gvide subjects towards the desired

terminal tehav or. Previous researcheYs haw selected knot-tying as

the motor skill to use in their investi ntion of motor learning (Jaspen,

1950; Rimland, 1955; Roshal, 1949). This serial task is within the

perceptual motor realm and involves a sequence of interrelated steps

leading towards a criterion terminal conclusion. A trace is available

for the entire performarre, thus enabling the evaluation of perform-

ance at any point during the task. rhe final product may easily be

assessed in terms of quality.

Much depends on the nature and length of the task as to whether

or not it should be broken down into small sub-taSks involving short

practice units (Lumsdaine, 1965). Research by hoccoby and Sheffield

(1958, 1961) reveals that the use of short sub-task practice segments

may produce more effective p_rformance durirk the traininiz, period but

may result in a decrement in performance when subjects are tested on

the whole task witnout instructional support.

Margolius, hfaccoby nnd Sheffield (1965,1961) report that if a

task appears to be inherently well-organized, the practice of the

natural unit will probably be more effactive than practice of artifi-

cially desipled stimulus materials. This coincides with Emeson and

Wulff's (1957) results that indicate unstructured self-study and

practice by subjects is more effective than forced study and practice

of ineffectively cued and organized stimulus materials. It appears

that, the presentation of the integrated, whole motor task and similar

practice--if the task is relatively short--would be more effective

than presenting subjective, artificially organized and cued film

stimulus materials for viewing and practice. A choice of the latter

8



procedure merits specific and exhaustive reseercl- becnuse there are so

nary subjective aspects to the problen.

Lednick (1965) has surveyed the resenrch on serial ver1-11 learn-

ing which reveals that the items at the beginning and end of a serial

task are easier to learn then those it. ms in the riddle. Cratty (1963)

reports that his research indicat s that this appears to be the case

in human locomotor learning. Thus, it might seem that a relatively

shorter task could be practiced and vitwed 2S whole, if it is an

integrated whole, more effectivel7 than a longer task containing a

longer mid-secton. This indicates the necessity of repeating experi-

ments over a variety of similar motor =,asks before useful generaliza-

tions could be made.

Research Influencing Design of Stimulus il.iaterials

The research by Jaspen (1950) and Hoshal (1949, 1961) reveals

the importance of presenting the task from the learner's point of

view, i.e. the subjective camera Pngle of zero degrees.

Lumsdoine (1965) reviews the research on color film versus

black and white and no significant difference is the common result.

Lumsdaine and others feel that fUture research will show that approp-

riate use of color cues will aid discrimination. However, inapprop-

riate use could confuse the subject and interfere with learning.

Jaspen and Roshal stress the importance of liMikeness and realism in

the presentation of the task. The experimental films will be in color

in order to Show the lifelike contrast of the colored stimulus mater-

ials and enhance the depth dimension.

Kishler indicates in an inconclusive study (1950) thrlt there

may be a prestie.e factor involved in a film wherc the nudience can

identify with a film performer. An expert could thto be used for

the filmed demonstration of the motor skill end tl-e subjects then be

informed simply that the performer is an expert. However, this

decision would be influenced by the choice of criterion task and

experimental procedure,

Cratty (1965) reviews the major theories and research studies

on reminiscence and these studies have conflictiqg results. Cratty

feels that it is v:ry hard to control what the subjects do during

these rest intervals and this may partly account far the conflicting

results. Perhaps this is the reason that Cratty encourages research

into single practice sessions where rest periods are not so vital.

Grooper (1965) describes his research studies that appear to

demonstrate that concepts may be taught through the exclusive use of

pictures and this could be only one of the reasons that helps to jus-

tifY the use of a silent film in res;:arch into perceptual motor learn-

9



ing. Knowlton (1966) would advocate the use of a silent film in

research to avoid the confoundinv of the audio and visual stimulus
'-

variables. EcGuire (1955 3, 1901 b) found that an accompanyin-

narrative aided performance. Knowlton would suggest that it is

difficult to decide whether the accompinying verbalization is irrel-

evant in content or just not needed. The motion picture is primarily

a visual medium and an investigation involving the use of a silent

film might be the more effective startim: point with an investigation

of complcmentary narration deemed an important topic for fyture re-

search. However, taped verbal instructions could accompany the pre-

sentation of the filmed stimulus materials. These instructions would

cover the procedure for practice only.

Roshalls study (1949) indicates the importance of using motion

pictures for presentation of motor tasks. He indicates that many

motor skills contain movements that cannot adequately be presented by

still pictures.

Purpose of the Study and the Hypotheses

This study will investigate the effects of selected rates of

presentation of filmed stimulus materials on the motor performance of

subjects who are engaged in selected levels of massed-spaced and con-

current-nonconcurrent practice modes. The hypotheses are as follows:

1. The rate of presentation of filmed stimulus materials

significantly affects motor performance. The medium rate of presen-

tation will be significantly better than the slowest or the fastest

rates.
2. The massed and spaced practice modes significantly affect

motor performance. The medium massed mode will be significantly

better than the spaced or mpssc:d modes.

3. The concurrent and nonconcurrent practice modes sirnif-

icantly affect motor performance. The concurrent practice mode will

be significantly better than the nonconcurrent mode.

4. There is no interaction between rate of presentation.and

massed-spaced practice modes which sicnificently affects motor Per-

formance.
5. There is no interaction between rate of presentation and

the concurrent-nonconcurrent practice modes which significantly

affects motor performance.
6. There is no interaction between massed-spaced and concurrent-

nonconeurrent practice modes which sirnificantly affects motor performance.

7, There is no interaction among massed-spaced, the concurrent-

nonconcurrent practice modes and rate of presentation which sivnificantly

affects motor performance.
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METHOD

The purpose of this study was to investigate the relationship

of three independent variables and their effect on perceptual motor

performance: r2te of presentation, massed-spaced practice modes, and

concurrent-nonconcurrent practice modes. This problem in research

resulted in the development by the experimenter of a research lab-

oratory containing appropriate research equipment and stimulus mat-

erials. The experimental procedures were undertaken with the objective

of testing the hypotheses under conditions that would appropriately

control undesired variability and with experimen6a1 error at a minimum.

Experimental Design

Table 1 presents the basic experimental design that was used,

a 3 x 3 x 2 factorial design. Each subject was assigned to one experi-

mental condition in which he viewed and practiced the filmed stimulus

materials within a single practice session. This practice session was

followed by a testing period. The dependent variable was the subject&

performrvice of tbe criterion task. The score was based on the number

of accurate criterion tasks that were performed within a specified

testing period. Step analysis scores were recorded during the practice

and testing periods.

Subjects

One-hundred-eiOty men and women subjects participated in the

experiment on a volunteer basis. All of the subjects were enrolled in

graduate intersession courses in the School of Education at Indiana

University. There were men and women and their age range was 20

through 55 years.

Intersession courses lasted 13 days and they met all morning

daily except on Sunday. Consequently, the subjects were available for

testing sessions that were scheduled every afternoon. Many of the

subjects commuted to Bloomington daily and every effort was made to

schedule all subjects at a convenient time and to give all students an

opportunity to be in the experiment. Subjects were told that they

would receive a copy of the experimental abstract later in the summer

which would. explain the experiment and their part in it. The students

volunteered readily and the total number of subjects was obtained

without difficulty.

The subjects were tested in groups of five. Each experimental

condition contained 10 subjects. The 18 experimental conditions were

randomly selected and ordered two separate times and the testing sessions

were conducted in that order throughout intersession. Half of the sub-

11



TABLE 1. EXPERIMENTAL DESIGN

Rate of presentation

Slowest Medium Fastest

Massedspaced
practice
modes

Concurrent and
nonconcurrent
practice modes t1.w.

Spaced
*

Concurrent

(Watch one
film knot

'

then prac-
tice one)

*

Nonconcurrent*

2 8 14

______-4,----........--
9 15

Eedium massed

i

Concurrent

3

(Watch three
film knots,
then prac-
tice three

Nonconcurrent
.

4 10 16

Massed Concurrent

11

(Watch six
film knots,
then prac-
tice six)

Nonconcurrent
.

6 12 18

-

Concurrent practice mode: practice with visual
stimulus; tie knot during practice interval with

simultaneous viewing of film performance

'Nonconcurrent practice mode: practice without visual

stimulus; tie knot during practice interval with-

out any visual stimulus

12



jects in each experimental condition were tested during the first

half of the experiment and the remaining five subjects in each con-

dition were tested during the last half of the experiment. Repli-

cation in the experiment was carried out in two ways: independent

testing within groups of five subjeats for each condition and testing

of half of the subjects of each experimental condition on two sep-

arate occasions. In addition, each subject randomly selected his

testing position in the laboratory.

The randomization procedure for Obtaining subjects and ordering

and assigning treatments was carefully planned within the limitations

of intersession. The procedure for obtaining sabjects had to be the

same for all and the procedure adopted was as randomized as possible

under the circumstances. Hays (1965) points out that experimental

designs in which more than one variable is introduced and where other

factors contributing to variance are randomized or systematically

controlled can strengthen the randomization procedure and lead towards

greater experimental precision. In this study it was assnmed that

such controls should have helped to lead towards significant differences

that were more likely a result of differences in treatments rather

than unplanned for differences among the sUbjects themselves.

Stimulus Materials: The Criterion Task

and Criterion Measurment

An expert performer was filmed as she tied an Asian knotted

figure called the Kingfish. The criterion task is presented in Figure

1. This knotted figure involves a sequence of fine motor manipulat-

ions that are interrelated and result in an easily observable and

measurable product of performance. The Kingfish was selected because

the subjects were unlikely to know how to tie it before the experiment.

After the experiment all subjects verified that they had not known

the knot beforehand. Also, it was selected deliberately because it

should not suggest any obvious relationship to such sex-linked act-

ivities as sewing, weaving, boy scout and navy knotting. It was

deemed important to have a criterion task that was interesting to both

sexes. The alert, intent behavior of all the subjects during the

experiment and their comments later suggested that both sexes found

the task interesting and challenging.

The expert film performer placed thc completed knot over a

pointer testing device as shown in Figure 2, and tested a correct knot.

If the knot has been tied correctly, it releases without tangling when

one hand is removed from the knot and the other hand pulls the rope

away from the pointing device. If the knot has been incorrectly tied,

it will tangle over the pointing device when the hand-releasing action

is performed. Consequently, the knot can be easily evaluated in a

13
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binary right-wrong scoring system and immediate knowled;.e of results

is available to the subject and the scorer.

Production Controls and Stimulus Materials:

Rate of Presentation

Three 16 millimeter cameras mere mounted side by side on a metal

bracket which was then mounted on a tripod. The tripod was placed on

a scaffold and the expert performer wes photographed from the subjec-

tive zero degree angle with the three cameras simultaneously operating

at the selected different speeds of 16 frames per second (normal silent

speed), 32 frames per second (twice as slow) and 48 frames per second

(three times as slow). The three cameras simultaneously recorded nine

separate knot-tying performances on 16 millimeter commercial Ektachrome

color film.

The film sequence finally chosen was selected on the basis of

all-round clarity in presentation of the steps involved in the cri-

terion task. The experimenter and expert performer were certain that

the sequence of film they had selected was the better of the two final

choices. Their judgment proved correct when they presented the final

two choices to n random group of subjects in a pilot study held during

the semester before the final experiment was conducted. The subjects

missed the critical final cues that were not as well performed in the

second best sequence and as a consequence, they tied incomplete knots.

The subjects who viewed the chosen sequence of film were able to tie

correct knots and none tied the incomplete knot that was so charac-

teristic of the other group. Thus, judgment was corroborated by

actual trial of the film with subjects.

Even though an expert may perform a skill many times end each

performance may look similar or identical to all of the others, the

film analysis of all of the sequences revealed the intra-trial diff-

erences. The importance of recording performance with three cameras

operating simultaneously cannot be stressed enough if identical

stimulus materials except for the speed variable are to be obtained.

The cameras were placed close together on the bracket and from

the photographing position up on the scaffold, the angle differences

were at a minimum. The performer, experimenter and a film consultant

from the imdio-Visual Center were unable to detect angle differences

in the final films. The experimenter had a choice between using three

adjacent cameras simultaneously shooting the criterion task and using

one camera to shoot three performances at the different speeds. The

objective was control and to get as nearly identical stimulus mater-

ials as possible. Therefore, the three camera techniaue was selected.
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The rates of speed were selected after consultation -with everts
in photoarapkly on the audio-visual faculty. The slowest speed is

three times as slow as the normal speed. Three spceds were chosen in

this pioneering study with the intentim that more speeds could be

selected at random for future stu,cly if significant differences were

found.

The expert performer rehearsed and was photographed many times

before the final nine sequences were filmed. Each film was analyzed

in terms of crucial cues that must appear on the film. The subjects

are restricted to a two-dimensional viewing situation in the experi-

ment and they must he able to see the crucial or critical cues in-

volved in the task. A live performance has a third dimension which
enables the viewer to maneuver into a better viewing position. Con-

trolled research demands as identical an experimental environment as

possible. Consequently, every effort was made to produce the stimu-
lus materials on film with all of the critical cues available on the
three films that were as identical as possible except for the control-

led differences in speed.

A pilot study revealed that approximately 30 per cent of the
subjects could complete this complex, nine-step task if they could
practice 12 knots. The rest of tbe subjects would range in step
analysis scores from zero through eight. Twelve was selected as the

number of knots to be physically practiced in the experimental treat-

ments in additiln to the number of knots that Imuld be viewed by the

subjects.

Each of the three films contained 24 knot-tying seguents which
were printed from the original chosen seouence of film. This tech-

nique ensured that all subjects would view identical knots except for

speed. Identical lengths of blank leader were placed at the beginning
and end of the three films and between all of the segments. The lead-

er was cut on a frames per second basis to ensure that intervals of
time between film segments were the same for all experimental treat-
ments. Pre-experimental tryouts indicated that 10 seconds of blank
leader would give sufficient time to the subjects to return to the
starting position for the next experimental segnent and to listen to
the brief taped instructions.

The :xperimenter edited the 24 identical segments for each
film and nAe certain that they all started and finished on the sane
frame of bction relative to the speed of the film. The experimenter

took sperAal precautions to make strong splices. A hot splicer was

used and the films were checked by the electronic film inspector in
the Audio-Visual Center before and during the experinent. It was im-

perative not to have malfunctiqns of materials or equipment during the
experiment and there were none.



Sixteen millimeter color film was used in order to provide the

clearest, most realistic picture possitle. Preliminary film wrs shot

in black and white as well as color. Color film was selected because

it provided more depth dimension which was so necessary in the trans-

mission of the critical cues involved in this perceptual motor task.

The pilot study provided information which influenced production

factors end subsequent experimental procedures. The pilot study

revealed which film sequence was better. The use of 16 millimeter loop

and reel film was examined within the experirental setting of the pilot

study and presentntion on reel was much more efficient and less prone

to malfucction. Decisions were made on other aspects of the experi-

mental procedure and modifications were made on verbal instructions.

The decision was made on the number of criterion tasks to present and

have pr-cticed on the basis of the performance of the subjects in the

pilot study. It was &ring this pilot study that the experimenter

ralized that vari.aus perts of the subjects' performance during the

actual experiment should be evaluated. lhe pilot study showed that

it was possible to test a group of subjects Ps individuals simultane-

ously if langune laboratory cubicles were developed and if a 16

millimeter picture were used.

Stimulus Materials: Taped Instructions

The experimental instructions were placed on tape cnrtridges

so that all of the subjects would receive as identical instructions

as possible. The cartridges containing the introductory and testing

instructions were played to all subjects. The cartridges containing

the instructions for the various experimental treatments we'', as

identical as possible but had to contain some differences that

directly related to each unique experimentel condition. A more

detailed description of the contents of the taped cartridges is

contained in Appendix A and Appendix B.

Tape cartridge recording and playing equipment was obtained on

loan from the Audion Corporation. This unit is attached to, and

synchronized with, a Technicolor 8 millimeter cartridge projector.

The complete unit could be used on an auto-tutorial, auto-testing

basis and provide auditory and visual stimuli. It was used only for

auditory stimuli in this research study. The 16 millimeter film was

chosen to transmit the visual stimuli because it could provide a

larger, clearer picture of the complx criterion task. Photographs

of the equipment appeer in Figure 2.

The tape cartridges provided many advantages tbat led towards

more controlled laboratory procedures. There was no threading problem

18



and because the tape was not physically handlce, it was less prone to

malfunctionin during the experiment. There were no malfunctions

during the experiment.

This particular tape unit permitted the use of aluminum sensing

tape which could be placed on the auditory tape to stop the playback

at specified points. This greatly reduced the amount of tape that was

necessary for the treatment tapes. One cartridge could be programmed

for use across the three values of the rate variable. The cartridge

would be prepared for use in the normal speed condition. It could then

be used in the comparable treatment within the two slower values.

Consequently, six tape cartridges were used for the 18 treltments.

Each tape cartridge contained approximately two minutes of tape.

Sensing tape was placed at specified points throughout the tape. The

tape machine would transmit the appropriate instructions and then

automatically stop at the sensing tape point. The experimenter would

punch the starting switch the moment the yellow blank leader appeared

on the screen and the next set of instructions would automatically be

heard. Basically there were two sets of brief instructions on each

tape. The first set dealt with the viewing instructions and the

second set dealt with the practicing instructions. The treatment tapes

were programmed for the two sets of instructions Tillth stopping points

and then were ready for use across the rate conditions. The instruc-

tions on each tape cartridge were thus played and replayed a specified

number of times throughout the treatments.

In summary, the tape cPrtridges had definite advantages in

this experimental study. The taped instructions which then could be

repeated throuphout the treatment added to the control of the experi-

mental procedure end provided economy in the amount of tape needed

for use, rho sensing tape and stopping technique permitted the tapes

to be used across rate treatments, again providing control in the

presentation of stimuli and economy of tape.

The tape cartridges were less likely to malfunction during the

experiment. ;Also, no matter how the experimenter might vary in degree

of fatigue or excitement, if she was able to push a button upon the

cue from the film, the experiment proceeded under experimental control.

The programmed film and tapes provided interrelated cues and the

experimenter simply pushed one tepe or projector switch upon a pre-

determined auditory or visual cue. There was no malfunction, human

or machine, in the presentation of stimuli throughout the experiment.

The treatment tapes were used only to provide instructions on

when to watch the film and when to practice the criterion task.

While the film was on the screen, there were no auditory cues.
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It was more economical to use cartridge tapes than conventional

tape reels or sound film. Howew.r, the most important factor,-underlying

their selection was that their use led to more controlled stimulus

mnterials and consequently to greater experimental precision.

The experimenter recorded her own voice for the taped in-

structions. The taping had to be done when the local FM radio

station was off the air in order to obtain no interference. The re-

cording levels were the snme for all tapes and tba recording tech-

niques were as identical as possible, i.e. placement of microphone,

distance of experimenter from ricrophone, etc. Immediate playback and

comparison with other tapes revealed any discrepancies to the experi-

menter and research assistant, Recording continued until they were

satisfied that the tapes were as identical as possible.

The tapes were played during the pilot study and the subjecto'

performance revealed where tape changes and modifications would have

to be mode. The tapes were re-recorded with the modifications.

An 8 ohm loudspeaker was attached to the external speaker plug

of the tape machine and this provided better sound for the subjects

during the experiment. A low hum that came from the machinels motor

was not heard as a consequence.

Stimulus laterials: Massed-Spaced Practice

Cratty (1964) and Lumsdaine (1964) have stressed the importance

of conducting research within single practice sessions. Cratty in

particular advocates research into massed-spaced practice modes within

single practice sessions. Three values of this variable were selected

PRI- study. All of these resultant experimental conditions involved

the subjects in first viewing the same expert performance of the one

knot a specified number of times and then practicing this criterion

task a specified number of times. The three different experimental

conditions were as follows:

1. Watch one knot-tying performance on film; then tie one knot

in practice. This was done alternately throughout the presentation of

the film during the practice period. (spaced)

2. Watch three knot-tying performances on film; then tie three

knots in practice. This was done alternately throughout the presen-

tation of the film during the practice peirod, (medium massed)

3. IA!atch six knot-tying performances on film; then tie six

knots in practice. This was done alternately throughout the presen-

tation of the film during the practice period. (maEsed)

All subjects had an ormortunity to tie 12 knots during the

practice period. However, the number of knots they would have tied
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consecutively at any one tire during the practice period depended on

their experimental condition.

The taped verbal instructions controlled the way in which the

subjects viewed the film and practiced. Once the film started, it

played continuously through the identical film segments and blank

leader segments. The programmed tape cartridges gave the instructions

when to watch and when to practice during the projection of the yellow

blqnk leader film segments.

Stimulus Nnterials: Concurrent

and Oonconcurrent Practice

Each of the rassed-spaced pr-ctice modes was subdivided into

concurrent and nonconcurrent practice modes. In the concurrent prac-

tice conr:itions the subjects wotched the film knot first end then

watched the film knot while tying their own knot. In the nonconcurrent

practice condition, the subjects watched the film knot 3nd then tied

their own knot without visual filmed stimuli. The effect on perfor-

mance of overt practice with ,and without 3n accompanying visual stimuli

was under investigation.

The subjects in the concurrent practice conditios saw 12 film-

Isnot segments. In adeition, they practiced while simultaneously view-

ing 12 knots. Thus, they viewed 24 knots and practiced 12 knots.

How they viewed ricl practiced was controlled by the verbal instructions

on the tape cartridges, These were programmed according to the experi-

mental conditions involving the values of the independent variables.

The subjects in the nonconcurrent practice conditions saw 12

film-knot segments. In addition they practiced 12 knots without the

accompanying visual film stimuli.

Once the film stimulus materials began projecting during the

experimental treatments, one kttot-tying film segr-mt appeared after

another, with 10 seconds of yellow blank-leader segments between all

of the film performances. The 24 filmed performances appeared on the

screen without interruption during the concurrent experimental con-

ditions. The viewing and pr-ctice were controlled by the progrmmed

t-ped instructions and by the r-te of present-tion specified for the

pflrticul:-.r experimental tretment.

The nonconcurrent experimentnl tre3tments were simil-rly con-

trolled. In addition, there was one critical tre2tment control for

the nonconcurrent experiment-1 conditions only. The subjects in these

conditions has to practice without seeirw the visual filmed stimulus

materials. During the time segments when these subjects were tying

the knot, the projection lamp Was turned off. Tv:hen the yellow
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Blank le-ecier arrived at the film gate, the light was turned off end

the tape switch was turned on for the naxt instrrctinns. The tech-

nicP1 procedure was the same for all caneurnent nnd nonconcurrent

conditions eYcept for this use of the projection lamp as an experi-

mental control

The projector continued to run throughout the nonc.oLcurrent

experiment-1 conditions for three important reasons. First, the

motor noise was held constant for all schjects and bhrouhout elch

entire practice session. Second, the film segment moved through the

projector and was constantly serving 3S the experimenter's check on

the time allotted to each actual knot-tying practice by the subjects.

As long as the film segment was moving through the unlighted pro-

jector, the actual knot-tying practice by the subjects continued. As

soon as the yellow blnnk leader approeched the film p:ate, the experi-

menter moved to the projector and tepe cartridge player and got ready

to turn on the lamp and tape recorder. In addition, the experimenter

tined this intervel with a stopwatch. This served as a dauble check

on controlling the time and freed th( experimenter to observe tha

subjects' knot-tying practice at cloe r-nge.

The third irportant reason for using this technique is that

it saved wear and tear on the films and helped to prevent malfunc-

tions during the experiment. Turning the projector on and off

throughout the film pyesentati.on would have greatly increased chances

of tearing the film. Turning the lamp on end off during the concon-

current conditions was a calculated risk and could have rcsulted in

malfunction during the experiment. This procedure appeared to lead

to the most controlled presentation even with tl7is risk and so it was

adopted for use. There w-s no malfuctiln of the lemp in any experi-

ment-1 condition. The lamp was changed once halfway through the

experiment.

All of these technical decisions led towards more experimental

control and consequently helped to increase experimental precision.

Stimulus Ebterials: The Cord and

the Criterion Testing Device

The criterion task wes selected on the basis of its structural

characteristics, its unfamilerity characteristic and because it did

not appear to favor sex-biased activities such as navy end scout

knotting and sewing. The cord had to be selected with comparable

care. The decision was made to use a lightweight seine cord, not

thread or rope. Cord samples were obtained from cord and fabric

companies and finally one was selected for the task.. The oord had to

be braided to form a loop and many of the sample cords could not be
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braided. Phototraphs of the braided loop of cord are presented in

Figure 1 and 2.

The expert film performer was a consultant in the preparation

of all of the :;,inulus materials and she br-ided the cores into loops

of various sizes. The pilot study revealed the best size for men and

women subjects and this was a loop of 45 inches in length. Smaller

loops handic-pped the male subjects but men and women subjects

h-ndled the 45 inch loop easily.

Trial P millimeter color film Was Shot to obt-in the best

photographic techniaues ard also to see which color would 'ee best for

the background and for the loop. Test loops were m-de of verious

colors. Blnck wns selected by the rese-rcher consult-nts as

the 'rest color for the cord. The intricnte finger actions and cord

manipulations showed up best when black cord w-s used.

The criterion testing device wns developed by the experi-

menter and the research assistant. This device was essentially a

pointer over whicb the completed knot could hE placed for evaluation

and immediate feedback to scorer and subject. The device needed a

pointer, a secure base and it needed to be in a convenient place.

The experimenter drew up a design which folfilled these gpecifica-

tions. The device screwed onto the inditridual testing table and

consequently was stable when the knot was tested. The angle of the

pointer was placed diagonally towerds the subject to allow easy

testing. In addition, an extra projection on the device served as a
holder for extra loops of cord for each subject.

Five identical testing devices were made to specifications at

a local weldinfi: shop. They were painted yellow and served as a

contr-st with the black cord. Each testing device was placed in an

identical position for each subject.

The Laborptory: Equipment and

Environmental Control

Tbe experimental laboratory was set up in an air conditioned

classroom in the School of Education. The summer months in Indi-

ana can be very hot end hrmid and it was considered vital to con-

duct the experiment under optimum and controlled climate conditions

in the classroom. ihe air conditionec classroom became available

for use nt noon daily throughout the week. The laboratory could be

set up for experimental use within 15 minutes and pictures of the

laboratory setting appear in Figure 2.
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The level of air conditioning was geared for a classroom full
of students. The experimenter opened the classroom windows each
afternoon to let in the warm outside air and keep the temperature in
the low seventies. If this was not done, the temperature wauld have
dropped to the low sixties and performance could have been affected.
Sweaters were placed on the back of each chair. If a student put one

on, he was instructed to place his arms in the sleeves so he would

not have any restrictions on his hand actions.

The lighting level was controlled by adjustments made in the
venetian blinds throughout the afternoon. The afternoons and early
evenings were bright and sunny throughout intersession and very few
adjustments of the blinds had to be made. No testing sessions were
conducted after dusk. It was considered important to test groups under
common lighting conditions and to set up testing appointnents daily

within a certain block of time. The subjects in the nonconcu-rent
treatments had to have enough light to see during the time the pro-
jector lamp was turned off and therefore this lighting level was
adopted far the entire experinent. The subjects were all involved in
the similar academic schedules and the fatigue and tensions that would
be associated with the concentrated course work of intersession and
the afternoon-early evening block of time was selected for the daily
testing sessions.

The appointments were scheduled with intervals between all
testing sessions. This procedure helped to prevent the testing
subjects from coming in contact with subjects outside the laboratory.
All subjects were cautioned not to discuss any aspect of the experi-
ment until they received a copy of the abstract in the mail.

The subjects waited outside the laboratory and the research
assistant had them draw for laboratory seats. Then they signed the

laboratory record book in the appropriate space and filled in the
necessary data about themselves. This provided information on name,
address, sex, age, major and current intersession course. This info-

rmation was listed along side the number of their laboratory position
and experimental treatment.

Placement of equipment. The position of the laboratary equip-
ment ws marked ard all equipment was placed in the same position for

all testing sessions. The experimenter and research assistant expert-
Tv,rfu_d with the placement of the screen and projector relative to the
five laboratory individual testing positions. The viewing of the

film performerts complex finger actions was critical. The placement

of the research equipnent was determined by these actions which were
contained in the center of the film frame.

214



Group testing and experimental cantrol. The experimenter

considered testing individual sul,jects and then decided that the lab-

oratory could be set vp to test more subjects at one time, though

still retaining the individual testing characteristic. Testinr

more subjects at one time would not only cut down on the total experi-

mental time brt it wluld help to ensure that the experiment could be

completed durini intersession. This procedure Was successfel during

the pilot study and the decision proved a wise one. Testing began on

the second day of intersession and was completed on the last day of

classes. Testine subjects in groups, though still on an individual

basis, reduced the number of testing sessions needed and consequently

helped to decrease the possibile variability that would result from

five times as many testing sessions. This procedure would also de-

crease the wear and tear on equipmnt and materials and helped to

decrease chances of malfunction.

The experimenter decided to test five subjects per testing

session for three reasons. Five subjects appeared to be the maximum

number that should be tested together so that the differences in angle

and position of viewing coul6 be kept to a minimum. Also, this num-

ber could be handled by the two scorers drrinf; the testing session.

One scorer evaluated three subjects nnd the other scorer evaluated

two subjects and operated the eauipment svitches. Finally, there

would be 10 subjects in each experimental condition. By testing five

subjects at a time, half of the subjects in each experimental condi-

tion would be tested in the first helf of intersession and the remain-

ing subjects in each experemental condition would be tested in the

second half. This procedure would strenE.then the procedures involved

in randomizatie.n of subjects and treatment,s and serve as a check on

intersubexperimental reliability.

The laboratory setting was developed far testing five sub-

jects at a titre. Various testing tables were considered and finally

five identical, low individual tables were obtained. The research

assistant and experimenter tried tables of various heights and decid-

ed that the lower individual tables were best for working on the

criterion task and for attaching the testing device. The individual

tables also enabled the placement of styrofoam panels between them,

thus creating five portable, language laboratory individual cubicles.

This laboratory arrangement is pictured in Figure 2. Five identical

lightweight contour chairs were placed at the testing tables. All of

the research equipment was easily set up for the experiment and easily

and conveniently stored at the end of each testin, day.

The styrofoam panels were placed vertically between the testing

tables and subjects were unable to see their neijibors performing

durini; the test. ihe subjects did not cammunicate with each other in

the laboratory until the testing session was over.
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Prognemmed instructions and subjects' questions, Once the

,aubjeots entered t777773, a17-777E7experimental instruc-
tions were given by the tnpe certridges. There was a minimum of live

communication between tbe experimenter, research assistant and the

subjects. The tape provided time for the subjects to esk questions

at a critical point durini; the testing. Only two subjects asked a

question. Fortunately, one subject in the first tested group asked
what a subject should do durinv the test if he did not get the knot

during the practice. The experimenter told the group to keep practic-

ing as far as they could wo and keep working durirç the test on trying

to get the knot. It was impossible to insert this statement on the

cartridge without re-doing the cartridge with the danif.er of change in

tone and emphasis which would then he a source of variance in the

instructi)ns. The experimenter decided to make this same staterent

live at the same question point in each testin session. The state-

ment to keep working on the steps of the knot during the testing

session was an important addition. The experimenter had this in the

taped instructions but a clearer statement was needed.

The Laboratory: Evaluation and

Scoring Procedures

Selection of scorers. The experimenter and film performer

were the two pei.sons most familiar with the criterion task 2nd test.

The film performer was not only knowledgeable about the task and

test, she also was an expert in motor learning and had taught dance

and courses in movement on the college level for a number of years.

She was the logical choice as the researct assistant and scorer in

the experiment.

Task analysis and scoring system. The experimenter and research

assistant had worked carefully together in the selection and filming

of the criterion task and in the development of the lal-:oratory. It

was relatively easy for them to set up a scoring system for the

testing sessions. They had already analyzed the task into 10 component

parts or interrelated steps, includirv. testing the knot. Together

they evaluated the steps in the film performance and in pre-experimental

subjects' performance to make certain that they agreed on their step

scoring system. Their agreement on evaluation of steps and scoring

was easily achieved before the elmeriment began and consequently
inter-scorer variability should have been at a minimum. Scores were

given for the following sets of behavior:
1. The total number of accurate knots tied d.ring the testing

period
2. The total number of accurate knots tied and tested correctly

durink, the testine period
3. The highest step reached in the criterion task during the

practice period

4. The highest step reached in the criterian task durine, the

testing period.
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The experimenter decided before the small pilot study was

conducted that there was a chnnce that subjects might tie the knot in-

correctly and lose the entirc score for this mistake. Some subjects

might fail to test an accurate knot correctly once or twice; others

might fail to test their knot correctl:y each time, thereby indicating

that they had not learned this testing step. The chosen overall

scoring system for the criterion test wes a binary one. The subject

either completed correctly the sequence of steps involved in the task

in order to score or he failed to complete the task correctly and

scored zero. The introduction of dependent variable one added to the

overall analysis. All accurate knots were evaluated in one analysis

of variance and these scores could help to differentiate the effective-

ness of the various experimental treatments. The results of the two

analyses could be compared to see if some subjects were not testing

knots correctly and if there were such subjects, had they received

similar treatments. The choice of the scale of measurement and what

is to be measured greatly influences the experimental findings. It is

important to obtain relevant measures that will help to differentiate

effectiveness among treatments. Consequently, the experimenter

decided to include measures on dependent variable one and not to

exclude what might be important experimental data.

The decision to include step analysis scores during the practice

and testing periods was made for similar reasons. Dependent variables

1 and 2 would reveal important information on the number of subjects

that were successful and to what degree they were successful. However,

the data collected under this binary scorinc system would reveal

nothing about the rnsuccessful subjects except how many there were.

The experiment was designed to find out the relative effectiveness of

the various experimental treatments and the experimenter decided that,

if at all possible, step analysis scores could reveal information on

whether subjects improved or declined in performance from the practice

period to the testing period. In addition, these scores would yield

valuable information on all subjects on the comparative effctiveness

of the experimental treatments. This information would complement

the data gleaned from the binary scoring system.

During the pilot study the scorers found that they could watch

the subjects' hand actions from a position at least two feet behind

the subjects and if they placed themselves tetween subjects, they

would not have to move distractingly back and forth. The film was

projected on the upper half of the screen and the subjects teeded to

lift their hands up in front of them while tying the knot. This made

the hand action easier to see and to evnluate.

The scorers found in the small pilot study that they could

easily watch the hand aations of their subjects. Most subjects did

not change rapidly throughout the practice and testing periods and
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many of ther would stay at the same step level for more than two

trills. Conseountly, scorers cnuld begin to judf:e how far th( sub-

ject woule ro thc next knotting trial. If the scorer would -iiss

the knotting trial of nnc subject because he 1,..as involved in evaluat-

ing the trial of another subject, the next trial of the niEsed subject

would reveal his progress.

Score books. The scorers prepared scoring record books before

the expeerdment began. Loose scoring sheets that could be easily lost

were not used. The records were kept ic two notCcooks--one for each

scorer. The research assistant kept tbE record book far the first

three sibjects and the experimenter recorded the performance of sub-
jects in laLoratory positions four and five in her notebook. Indivi-

dual scores and comments were kept in the appropriate spaces and ob-

servations concerning the whole expe-irental iroup were kept in the

appropriate soncc. Ohservations on other aspects of the experiment

were kept in a convenient space for each testing session. These

observations might 1--.=:ve been loet unless they were jotted down quick-

ly and organized aft(er thc experiment was over.

After the experiment was over, the scores were transferred to
scoring sheets that would he sent to the corputer research center.

No attempt was made to examine or transfer the scores and comments

until the experiment was over. The scorers transferred the scores to

the scoring sheets for the computer.

Summary of Laboratory Procedure

A summary of the laboratory procedure is presented as follows:

1. The experimental treatments were randomly selected and or-
dered two separate times, creating two sab-experiments.

2. Subjects volunteered to be in the study and selected a

convenient testing time. illese testing times were assigned to experi-

mental treatment based on the random selection order. Five subjects

were tested in one testinw session although each subject was tested

individually -within the group setting. The five subjects represented

half of the subjects from one experimental condition.
3. The subjects waited outside the laboratory and randomly

selected their testing position in the laboratory. The subjects than

registered themselves in the subject data book.

4. The subjects entered the lal-oratory and took their desig-

nated testing ppstion. There was no interaction among subjects until

the testing sessilr was over.
5. The visual stimulus materialE were presented on film and the

verbal instructions were presented on tape cartridges. The experi-

menter controlled the mechanized presentation of stimuli by the simple

on-off switches on the apparatus.
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6. The experitrenter and resrstarch assistant served as scorers,
each supervising their own assijned testing positions thr)uf.hout the
experiment.

7. Once the taped instrIxtions were started, the experirental
testing seslion continued on to the end witbnut interruption.

8. Mt, visi al arb auditory stiruli were presented as follows:
a. Instructional tape cartridge 1;
b. Instructional tape cartridge 2;
c. r-,Y4Derimental treatment cartridge and film trt.atment--first

half;
d. Replay instructional tape cartridge 2 and n-wind film.

Subjects relax and listen;
C. Experirr7ent3l treatrent cartridge and film treatrrent--

second half;
f. Instructional tape c=,rtridgc* 3 followed by the five minute

test._ Conclude with the remaining instructims on the tape.
9. The experimenter and research assistant met briefly with

the subjects after th.- test was over and -,7crked informally with those
who did not get the co-T1pleted knot. Usually all of Vic subjects
stayed to discuss and work on the knot. They were told they were
free to Lave but most of them stayed until all of tl-E group left.
The subje cts were again cautioned not to discuss any a spect of the
experim-nt with Any() ne until they received a copy of the abstract.
Each one agreed to remain silent.

10. The subjects left the laboratory and the researchers pre-
pared, for the next group of subjects< The laboratory was dismantled
at the end of each testing day and then set up the following day
after the morning class was over.
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RaS,+ITS

Analysis

Treatrent of the dnte collected fror one hundred =ne ei-hty
subziects began with the trnnsfer of the data fror the scoring sheets.

Lined scoring sheets were used to record ti-ese dcta. This procedure

helped to prevent errors in -O,.e trPnsfer of the scores and in the
punching. of the c,g1puter data cards by skilled cPrd punch operators.
The experimenter and researC:-. ;:ssistnnt transferred all of the d,--ta

and checked tl-e plAnched computer cards.

The computer cards were prep-red accordini to the requirements
of an cnalysis of variance pro,-rom* which was =ppropriate for 11-ndling
the rultivariable design of tl,e study. One card was key-punched for
each of the one hundred and eighty subjects ond each card contained
all of the data necessary for the analysis.

Performance measures were taken on four dependent variables
and four separate 2nalyses of variance were applied to the data. A
oodel I analysis (Winer, 1962) was judged as beinf; most appropriate
because the values of the experimental factors were fixed or selected.

The experimenter wanted to find out the effect of selected
values of three foctors on perceptual motor performnnce. The criterion

test was the number of accurate knots that a subject could tie and
test in a specified time period and this performance was the dependent

variable. The experimenter decided on the basis of the results of the

small pilot study that it would be important to collect as much rela-
\rant data on the performance of the subjects as possible in this

pioneeriu investigation. Such date could prove to be extremely use-

ful in evaluation of the hypotheses. Consequently, measures were

taken on three other components of the subjects' performance during

the experiment and this resulted in the four dependent variables.

They are as follows:
1. The total number of accur2te knots tied during the testing

period
2. The total number of accurate knots tied and tested correctly

during the testing period

3. The highest step reached in the criterion task during the

practice period
4. The highest step reached in the criterion task during the

testing period.

*BMDO2V--Analysis of Variance for Factorial Design version of

Fi.py 20, 1964, Health Sciences Computing Facility, UCLA.
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The complete rt.sults of the four analyses of veriance are

summarized in iables 2-5. ihe cell and merginal means for the four

analys,s will app ar in Appendix C. ihe three Rein effects considered

were: rate of presentation, massed and spaced practice modes, and con-

ciar-ent and nonconcurrent practice modes. Four secondary interaction

effects were included: rate and nassed-spaced practice modes, rate

and concurrent-nonconcurrent practice -oocs, messed-spaced and con-

current-nonconcurrent practice mod.s and fineIly, rate and massed-

spaced, and concurrent-nonconcurrent practice modes. Edwards (1960),

Hays (1965), and Winer (1962) discuss the essumptions that underlie

inferences about treatment effects in an analysis of variance in a

fixed effects model. They feel that the F test is rotust and that

even wIlen each populati n departs from normality, the F test is re-

latively unaffecued. They feel the assumption of homogeneity of var-

iance could be violated without undue risk if the number of cases in

each sample is the same. They emphasize the importance of statisti-

cal independence among the error comnonents and that no observation

should he related to any other observation. lhe dbservations made in

this experiment were designed to he independent )nes.

ihe F test was considered raust enough to neet the needs of

the statistical analysis in th;s experiment, The .05 level of con-

fidence was selected prior to the experiment. Only those ratios ex-

ceedinc; the appropriate critical F velues are reported in the tebles.

The error term for this fixed effects modiel was within the replicated

mean square and it was used for all of the i'' tests (Edwards, 1960;

McGuigan, 1960; heNemar, 1955; 'Aliner, 1962). It was assumed as a

result of the controls set up in this experiment that any experiuental

error leading to variance was constant over all of the experirental cells.

Ncl;emar (1955) suggests the use of a pooled error term when

,20 rbc is tested against S'w and results in a low F ratio that is not

significant at the .05 level. In addition to the chosen error term,

a pooled error t.,rm was used for Probleles 1 and 2 where the overall F

ratio was not significant. The restlts were ,enerally the same when

both error terms were used separately in these problems. Only the

results involving the use of the chosen error term have been reported

unless otherwise mentioned.

Once the results of the analyses of variance were examined, the

computer cards were prepared according to ti-e reouirements of a

Duncan's multiple range test program: which vas appropriate for the

task of closer inspection of the means and their sirnificant differences.

*
.RI .07V--Multiple Range Tests, version of October 12, 1965,

Health Sciences Computing Facility, UCLA.
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Relevant results are present d in tables tl'at follow and discussion

of these results are presented in sections for each hypothesis.

Hays (1965) points out that as tl-e number of comparisons among

the means increase, the greater the probability that some significant

differences are due to chance alone. Consequently, in multiple com-

parisons and particularly in post hoc comparisons where Type 2 error

is more likely to occur, it is important not to exaggerate the im-

portance of significant mean differences.

Edwards (1960) regards Duncan's multiple range test as being

more powerful when thE significance of more than two means is involved

in the multiple comparisons. Edwards also feels that the multiple

comparisons of the means cen be mace even if the relevant F ratio is

not significant but he urges caution on any subsequent observations.

McNemar (1955) ffels that tests on means can b. made safely only when

the overall ratio is significant. iner (1962) points out that

multiple comparisons that are built into the experimental design or

suggested by the theoretical framework should be made regardless of

how significant the F ratio Ws. However, be urges extreme caution

when unplanned, a posteriori comparisons are made when the overall

F ratio is not significant. The multiple comparisons in this experi-

ment were an outgrowth of the experimental design and theoretical

framework. Thus, comparisons were made for cad- hypothesis. How-

ever, in exploratory research such as this great caution should be

exercised in their interpretation.

fklwards (1960) and McGeigan (1960) recommend the use of Duncan's

multiple range test as a technic-we to be used for closer inspection

of the means once the analysis of variance has yielded the results on

the overall F ratios. Duncan's multiple range test provides the rank-

ing order of the means for the different experimeni,a1 problems and the

significant differ-nce. In adc'ition, it was available in program

form for operation on the data by the corouter and conseouently for

all of these reasons it was adopted for use in the e)verimental analy-

sis. Significant differences at the .05 level andjoove will be re-

ported and a discussion of results will be made on a most conservative

basis.

Hays (1965) fuels that it is important not to consider the sta-

tistical significance of results alone but to carefully observe,

record and discuss what appears to be relevant in thc experiment and

to be a wester but not a prisoner of statistical techniques. Conse-

quently in the sections that follow, the results of the analyses of var-

iance and Duncan's multiple range test will be presented. Observations

will be made, all the data will be available and any interpretation

of the Duncan test must be regarded with the apprepriate caution.
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Information in this section might serve .1s a stirulus for further

research.

The analyses of varianc(. reveal some low F r-rtios which might

reflect more than rerely a lack of significant difference. It could

be that some uncontrolled variable was systematically in operation and
that the error term rc.flects an experimental condition involving more

than error variance. However, thesc low ratios are still within the

probability range of being a result of chance and therefore the hypo-
theses ray he considrred in terms of these msults. The sug-gestion

of a possible extraneous variable being in operation is raised only as

a source of future and, perhaps fruitful, research. This will be dis-

cussed later.

A summary of each analysis of v,,riance and a summary of the

Duncan mulitple rang- test are presented in Tables 2-6. The cell and

marginal means from the analysis of variance aopear in Appendix C The

section for each hypothesis 1volving the main effects contains a sum-
mary table of the marginal merns of the appropriate factor under ex-

amination. The Duncan new multiple range test was used to determine
the significant difference between these

In sections that follow, each hypothesis is examincd in terms
of these results. 1Sach main effect and each interaction, which fgrm
the bases for the hypotheses, will be examined in terns of the four
dependent variables which the computer program hes labeled as Problem

1 through L. The computer labeled these problems as follows and these
labels will be used in the tables of results and in the discussion:
Problem 1: knots; Problem 2: tests; Problem 3: practice step;

Problem 4: test step.

The results of the analysis will n'It prove or disprove the

hypothes-s. Actually, the statistical eviCence will either be in
favor of the hypotheses or not and within the specified level of

probability. This is what will be me,-.nt in the sections that follow

when the hypotheses are confirmed or not confirmed.
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Rate of Presentation Effect

Hypothesis I states that: The rate of presentation of filmed

stimulus materials significantly affects motor pF,rformance. The

medium rate of presentation will be significantly better than the

slowest or tkle fastest rates.

A summary of the results of the complete analysis is presented

in Tables 2-5. Ihe results of the analyses of variance on the four

problems in performance sopport thc first part of the hypothesis at

the .05 and .01 levels of confidence but within the limits of the

selected values of the variable. The rate of presentation of filmed

stimulus materials does siEnificantly affect motor Performance:.

An inspection of the marginal means for rate of presentation

in each of the four problems reveals thnt the means rank in the

following descending order in terms of the effectiveness of the level

of the treatment: slowest, medium, fastest. The Duncan new multiple

rangE test was used to determine the significant differences between

the marginal means. These results a.re presented in Table 7.

TABLE 7. MOGI-NAL M7,7,S FOR Rf.TE OF PP7;SENTATI0N TN PROBLEMS 1-4

Levels of A

1 slowest
2 medium
3 fastest

Problem 1 I
Problem 2

4.68333

I

4.33333

3.28333 I 3.06667

1.43333 1.21667

Mean differences

Problem 3 Problem 4

6.71667 6.51667

6.53333 6.11667

4.90000 f 4.91667

1-2 1.40 r 1.27

_

r .18
140

.
_

1,13 3.25 3.l2 l.8l 1.6g,

2-3 1 1.35'r 2.85' 1r613;jr 1,20-

*Significant at p <.05
:Significant at p <,,01

A sioificant difference at the .01 level was found between

the slowest and fastest pairs of marginal means in each of the four

problems. A significant difference at the .01 level was found be-

tween the medium and fastest pairs of marginal neans in Problems 2-4

and at the .05 level in Problem 1. These results give support to

half of the second part of Hypothesis 1 within the limits of the

selected values of the variable. The medium nate of presentation is
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significently better than the f-stest r=-,-te. However, the slowest rnte

is also superior to t're f-ster rete at the Sam:: level of significance.

The nedium rnte wes not sioific-ntly better than the slower rete in

this investicaton end therefore half of the second part of Hypothesis

I is not confirmed. The narginal neens of the slowest r-,te rl,nked

highest in all four of tire problems elthough they were not signif-

icantly higher than the nrens for tl-.e medium rate.

Further research mirht yield deta thet wnuld reveal sicnif-

icrit differences between mp.minal means of the medium and slower rates.

The results of the analyses of vnriance and an examination of the

merin'al means in this study giv strom, support to the followire7 con-

clusions in terms of Hypothesis I but within the limits of ehe selec-

ted values of this variable. Rate of presentation does si, nificantly

affect motor pc-rformance and the slower rotes of Presentation are

significantly better than the faster rnte of present-2tion.

The Duncan new multiple range test wrs used to find the signif-

icant differences between the means in all four Problems. These

results are presented in Table 6. Problems 1 and 2 had an insignif-

icant overall F ratio. The Duncan test revealed the presence of one

homogeneous subset in both of these problems, thereby indicating that

no significant differences existed between the individual means in

these two problems.

Problems 3 and 4 which involved step analysis scores had

significant overall F ratios which have already been discussed. The

Duncan test revealed the presence of five horof;enuous subsets at the

.05 lev,e1 and three homogeneous subsets at the .01 level in Problem

3. Thc:re were three homor!eneous subsets nt the .05 and .01 levels

in Problem L. The vertical lines on Table 6 revenl the subsets in

elch problem and indic.?ete the siinificant difft:rences between the

means. These differences may be pointed nut and observations may be

made but any interpretation must be made with caution for the reasons

discussed earlier in this chapter.

The r. sults of the Duncan test in Problems 1 end 2 my be

approached only in very general terms. The results were not signif-

icant and .any analysis beyond thr; listin e. of th( rank order of the

means should he undertaken with the appropriat caution.

Witl- this werning stated, te results of the Duncan test in

the first two problemis revealed that the top four rankinr means were

in the slowest rate of prcsentation group of treatments. The means

of the medium rate treatments were town-ds the miódle ranges and the

faster treatment means were all in the lower hnlf of the range.



Ihe msults of the 1.;uncen test in Probler 3 reveelec' signif-

icant Olfierences 'eetween re-ns et t're .01 and .05 levels and those

arc shown in !able 6. The three loweet me-ns in ?rohlem 3 formed a
horogeneous subset at tIne .01 level -rd all were in thE. f%stest ,eroup

of treetrents. re-n of th.c lowest eroup w-ne signiricently lower

at the .01 level than all of the melne outside of this subset. The

six hit:hest ranking r:ens c:irc significantly higher then the lowest

renking meen ,t the .01 level end four of these were in the slowest

F:roun of treatments.

fhe results of the "Arleen test in Problem 4 reve-led that the
five lowest mc-ns were in homogeneous subset t the .01 level. The

lowest three of these re-ns were in the festest group of treatments.
The two other significently low means in this subset were in the
slowest and medium gravp of treatments. The two hii,best meens were

in a homogeneous srbset at the .01 level and both of these meens were
in the slowest group of treatments. Both of ,hese rEnns were sie:nif-

icently better than tl-e two lowest meens at the .01 level.

An inspction of the rerkinn- of the me-ns rcveels that the
higher rnnked means tend to be in the slower tre-trents end tir,e lower
means tend to be in the fester tre-trents. P:ost of the significant

differences at the .01 level are between the slowest and fastest

groups of treatments. ihese rf-iults tend to parallel the rE,srlts of

the analysis of vnriance ard mergieal means. However, the analyses

of varience end r.arginal me.,ns revealed no sf.--nificant difftrences

between the slowest end r(dium r-tee of presentntion.

An exeminetim of the number of stbjects in each experimental
condition who were able to tie the knot correctly revealed thet es
the rate of pres(rnbetion decreesed, tiee number of successful subjects

incr.:eased. lhe results are presented in Table 8.

In summary, the results of the four enelyses of varience and

the examination of the mergin:1 meens Eive stron suppqrt to the foll-

owing conclusions in terrs of the hypothesis but within the limits of

the selected values of t're variable. 3ate of presentation does
significently affect perceptual motor perform-glee and the slower

rates of presentation are sienificently better than the faster rete

of presentntion.

Lii



T
A
B
L
E
 
8
.

N
U
M
B
E
R
 
O
F
 
S
U
B
J
E
C
T
S
 
W
I
T
H
 
K
N
O
T
 
S
C
O
R
E
 
I
N
 
P
R
O
B
L
E
M
 
1

A
1

*

A
2

A
3

A
1

A
2

A
3

R
a
t
e

2
8

2
0

1
1

B
1

1
1

7
3

M
a
s
s
e
a
-
-

* *
f
l

B
1

B
2

B
3

s
p
a
c
e
d

B
2

1
0

6
4

2
1

2
0

1
8

*

C
o
n
c
u
r
r
e
n
t
-
-

C
1

C
2

n
o
n
c
o
n
c
u
r
r
e
n
t

B
3

7
7

4

3
6

2
3

cl

A
1

ru
po

no
w

sr
om

m
e.

1
9

A
2

0
2

1
3

A
3

B
1

B
2

B
3

A
1

=
 
S
l
o
w
e
s
t
 
r
a
t
e
;
 
A
2
 
=

m
e
d
i
u
m
 
r
a
t
e
;
 
A
3
 
=
 
f
a
s
t
e
s
t
 
r
a
t
e

6
1
3
1

=
 
S
p
a
c
e
d
 
m
o
d
e
,
 
B
2
 
=
 
m
e
d
i
u
m

m
a
s
s
e
d
 
m
o
d
e
;
 
B
3
 
=
 
m
a
s
s
e
d
 
m
o
d
e

-
C
1

=
 
C
o
n
c
u
r
r
e
n
t
 
m
o
d
e
;

C
2
 
=
 
n
o
n
c
o
n
c
u
r
r
e
n
t
 
m
o
d
e

J
L.

1,
41

%



Lassed-Spaced Practice Lode Effect

Hypothesis II states that: The massed and spaced practice

modes sii,nificantly affect motor performance. The medium massed

mode will he significantly better than the spaced or massed mode,

A summary of the results of the compltte analysis is presented

in Tables 2-5. The results of the analyses of variance on the four

problems in performance do not support the hypothesis within the limits

of the selected values of this variable. The analyses of variance in

Problems 1 and 2 revealed low F ratios and no significant diff-

erences for this massed-spaced main effect. Analysis of Problem 3

which involved the step analysis scores for the practice period

yielded an F ratio that approachLd the .05 level but this disappeared

if the error term was pooled. The results yielded a low F ratio in

Problem.h where the step analysis test scores were given.

The results of these analyses of variance do not confirm the

hypothesis, and judgment should be suspended until farther research

has been done on this effect. A significant interaction is suggested

between the selected valies of this variable and those of the con-

current and nonconcurrent practice modes in Problems 3 and 4. If

significant interaction is found, conclusions with respect to either

of the main effects involved must be interpreted with caution, The

effect of selected values of one variable would not be independent of

the selected values of the other variable. Uowevrr, an analysis of

the evidence on this nossible interaction resulted in the stspension

of judgment pending further research. Consecuently, the results on

this main effect shoild be aoproached with appropriate caution.

An inspection of the marginal means for the f)ur problems

reveals no significant differences for Problems 1 and 2. The means

rank in the following descending order numerically: spaced, massed,

medium massed. These results are presented in 'fable 9.
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TPL 9. rur'Gr.e:.L :7.1" i:JOD743S L P3OFTE

Levels of B Problem 1 Problem 2
1

_.,..

i

1

I

Problem 3

6.51667
6.06333
5.550o0 5.50000

Problem it

6.20000

5.85000

- ----

I spaced 1 3.58333 3./13333

2 medium

:

2.76667 2.51667

3 massed 3.05000 2.66667

Zean differe:ces

1-2

1-3
2-3

.82

.53

.29

.77

.92

.15

In Problems 3 and it where step analysis scores were given, a

different order appr_ars. The means rank in VIE, followinc descendinfr

order numerically: spaced, medium massed, massed. The analyses of

variance did not reveal the presence of a sinificant F ratil at the

.05 levd in any of the problems in the experiment. However, it is

interesting to inspect the ranked order end illustrated relationship

of the marginal means of the thyee massed-spaced practice modes.

In summary, the results from the fqur analyses of variance do

not confirm this hypothesis. A low, insiEnificant F ratio in three of

the problems indicates that there was no main effect for massed-

spaced practice modes in t'-is study. An examinatt-)n of the marginal

means in each problem yields no si4,nificant differences. The hypoth-

esis was not confirmed on the basis of these experimental findini.s.

A presentation of the results of the Duncan test for the

significant differences 'retween means may be undert?ken but even more

caution must be exercised in any interpretetion becuse the overall

F ratios and marginal mean differences were insignificant.

The Eienern1 results of the Duncan t,st for each of the prob-

lems has been discussed in the section on the first hypothesis. The

results appear in Table 6.

No significant differences were found between the individual

means in Problems 1 and 2. The means are scattered throughout the

three levels of this variable in Problems 1 and 2 end there I no

discernible pattern.

Significant mean differences were found at the .01 level in

Problems 3 and 14 but when these differences were examined in terms



of this variable, no discernible pattern was fgane.

An exa.lination of the number of subjects in eech experimental

condition who were able to tie th:, knots correctly revealed th-t as

practice became rorc masscd, the number of successful subjects

declined. However, the total numbers in e_c?- level were so close

that they virtuelly were the same and perticulerly in this case when

the overall F ratios Teere insiLmificent. nese results are presented

in Table 8.

In summary the results f the four enalyses of variance and

the exaninati,n of the rargirrl means do not confirm the hypothesis,

Concurrent-Nonconcurrent Practice lode Effect

Hypothesis III states tl-at: fhe concurrent and nonconcurrent

practice modes significantly affect motor performance. The con-

current practice node will be significantly better than the noncon-

current node.

The summary of the resnits of the complete analyses of variance

is presented in lables 2-5. The results of the analyses of variance

on Problems 1 and 2 where the binary scorin:, system was used for the

cri'6erion performance test revealed a law f ratio and no significant

difference. The analysis 03 variance on Problems 3 and L. where step

analysis scores were given yield significant F ratios at the .01

level. The analysis in Problem L. was based on the step analysis

scores given durinc the criterion test.

On the basis of the results in Problems 1 and 2, the hypoth-

esis is not confirmed. On the basis of the results of Problems 3

and 4 where step analysis scores were given to all subjects, all of

the hypothesis is confirmed within the limits of the selected

values. Judgment should be suspended pendia. further research.
The scales of aesurement used in the four problems must be inves-

tigated along with other sc-les of measurerent to determine their

influence on revealing significant differences.

A sipmificant interaction is suve;est.d between the messed-

spaced practice nodes and the concurrent and nonconcurrent practice

modes in Problems 3 and Lj. If sienificant interaction is faund,

conclusions with respect to any of the main effects involved must

be interpreted with caution. The effect of selected values of one

variable would not be independent of the selected values of the other

variable. However, an analysis of the evidence on this possible

interaction reselted in 6nspendin.. judgrent pendinc further research.

Consequently, the results on this main effect should 1-e approached

with appropriate caution.
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The rar,inal means for the four problens are presented in

Table 10.

TABLE 10. MARGL:IL iS FOR CO.NCURNT-NONCONCURRSNT PRACTICT!; MDDSS

II PROBLEMS 1-14

Levels of C
_

1. Con-
current

2. Noncon-

1 Problem 1

3.16667

current 3.10000

Mean differences

1-2 J
.16

Problem 2 Problem 3

2.P.1444 6.74444

2.90000 5.35556

*Sic:nificant at p<.01

Problem 4

6.46667

5.23333

.06 1.39 1.23*

There were no siFnificant differences fnund lx-tween the margi-

nal means in Problems 1-3. However, the marginal mean of the con-

current practice mode was significantly higher at the .01 level in

Problem 4 where the step analysis scores wer( given during the

criterion test.

A presentation of the results of the Duncan test for the signif-

icant differences between means ray be undertaken but more than usual

caution must be exercised because some of thr overall F ratios were

insiolificant. The results of the Duncan test appear in Table 6.

o significant differences were found between the individual

means in Problems 1 and 2. The means are scattered throughout the

three levels and no discernible pattern was found. Significant mean

differences were found at the .01 level in Problems 3 and 4. The

three lowest means in Problems 3 formed a homogeneous subset at the

.01 level ,,.nd all were in the nonconcurrent practice modes, The

mean of the lowest group 14.2s significantly lower at the .01 level

tl'an all of the me-ns outside of this subset. The six highest rank-

ing means were significantly higher than the lowest ranking mean at

the .01 levcl and five of Lhese were in the cmcurrent practice modes.

The results of the Duncan test in Problem 4 revealed that the

P five lowest means were in a homogeneous Euhset at the .01 level. Four

of these means were in the nonconcurrent practice modes. The two

highest means were in a homogeneous subset at the .01 level. These

means were in the concurrent and nonconcurrent practice nodes.
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A cursory Inspection of the rmked order of the meens in

Problems 3 2rici 14 reveals that the 'nigher -ranked menns tend to br in

the concurrent practice modes are the lower ranked reans tend to be

in the nonconcurrent practice modes.

An inspection of the rnnked order of the means in the four

Problems sugests some of the concurrent modes may be effective dur-

ing the Practice period but they drop lover in the rank order during

the test when s,2bjects have no vi-al stimuli to help them perform

the task. The two lowest means-in all of the protaems were in the

nonconcurrent mode.

An examination of the =her of subt-iects in each experimental

condition who were able to tie the knot correctly revealed that a

third more of the successf!,1 subjects were in the concurrent practice

rodcs. fhese results are presented in Table 8.

In sumrary, on the basis of the results of the four analyses

of variance and the examinntion of the marliinal means, the hypo-

thesis is not confirmed. Powever, significant F ratios found in tom

out of the four problems give safficient evidence that judgment

should be sispended pending further research.

Rate of Presentntion by assed-Spaced
Practice Mode Effect

Hypothesis IV states that: There is no interaction between

rnte of presentation nnd massed-spaced practice modes which signifi-

cantly affects motor performance.

A svmmary of the resLlts of the complete analysis is presented

in Tables 2-5. The analysis of variance yielded insiFnificant and

vary low F ratios in all of the prolems. On the hasis of these

results and within the limits of the selected values of the variables

the hypothesis is confirmed. The effect of the selected value of the

one variable is independent of tl-e selected values of the gther

variahle. ihe same differences exist Isetween the means nt each level

of one variable regardless of the levels of the other variable.

An examination of the cell roans in terms of this hypothesis

reveals no interactions in Problems 1 and 2. These results are pre-

sented in iable 11. However, Problems "' and 11 reveal the possibility

of the slowest rate hecomna less effective as the practice mode be-

comes more massed. These results are within the probability range

of occurring just by chance.
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The analyses of variance end marginal mean differences for

each of th.se variables have been presented and analyzed in previous

sections. The analysis of variance and margin:l means revealed that

significant differences existed aronc the selected rates of presenta-

tion. No significant differences a:ppeared to exist among the massed-

spaced practice modes. The Duncan test results on the mean differences

for each of these variables tended to support these findim-s.

The results of the Duncan test in terms of possible inter-

actions must be regarded with more than usual caution particularly

since the hypotheses of no interaction have been confirmed. No

discernible patterns of overall interaction W2S sugested by the Duncan

results which are Presented in Iable 6. However, a possible relation-

ship between the slower rates and practice modes was sunested.

An examination of the number of subjects in each experimental

condition who were able to tie the P.not correctly reveals that as

rate of presentation increases, the number of successful subjects in

each condition decreases in each level of the practice modes. There

appear to be inverse relationships between rate and practice mode in

the slowest and fastest treatment groups. These results are present-

ed in Table 8.

In summary on the basis of the results of the four analyses of

variance and a cautious examinati'n of the described data, the hypoth-

esis is confirmed within the limits of the selected values of each of

the variables. Eowever, further research shoulc be conducted on the

grounds that the possibility of some interactian was sut:gested in the

examination of the relevant cell means.

Rate of Presentation by Concurrent-Nonconcurrent
Practice i4oide Effect

Hypothesis V states that: There is no interaction betwen

rate of presentation and concurrent-nonconcurrent practice modes

which sii:nificantly affects motor performance.

A summary of the complete analysis is presented in Tables 2-5.

The analysis of variance yielded insignificant and low F ratios in

all of the problems. On the basis of these results and within the

limits of the selected values of the variables, the hypothesis is

confirmed. The effect of the selected values of the one variable is

independent of the selected values of the other variable. 2he same

differences exist between the means at each level of one variable

regardless of the levels of the other variable.
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The analysis of variance and marginal mean differences for

each of these variables have been Presented and analyzed in previous

sections. Ile analysis of variance and marginal means revealed that

significant differences existed among the selected rates of presen-

tation. ihe hypothesis concerninE significant differences between

the concurrent and nonconcurrent practice nodes was not confirmed.

However, judgment was stspended because some of the evidence suggested

that future research might reveal significant differences. The Dun-

can test for significant differences between individual means tended

to support these findings, The marginal means were sir-nificantly

difft!rent in rates of presentation but not in concurrent-nonconcurrent

practice modes.

The results of the Duncan test in terms of possible inter-

actions must be regarded with more than usual caution in the face of

the confirmed hypothesis of no interaction. An inspection of the

results of the Duncan test in Table 6 shows that the means of the

concurrent experimental groups rank higher as the rate of presen-

tation decreases. The significant mean differences appear to fall

within this generalization. However, this observation must be re-

garded very cautiously and perhaps could serve as a stimulus for

further research into a search for significant interactilns.

An examination of the cell means in terms of the variables

involved in this hypothesis reveals the possibility of some inter-

action in Problems 1 and 2 where the binary scoring system was used.

No interaction is evident in Problems 3 and 4. Again, this obser-

vation may serve as a stimulus for further research but certainly

must be regarded with caution in the face of the confirmation of the

hypothesis of no interaction. These means are presented in Table 11,

An examination of the number of subjects in each experimental

condition who were able to tie the knot correctly reveals that as

rate of presentation increased, the number of.successful subjects de-

creased in both concurrent and nonconcurrent practice modes. The

inspection also reveals that a third more subjects were successful in

the concurrent practice mode at each of the rates of presentation.

These results are presented in Table 8.

In summary, on the basis of the results of the four analysis

of variance and a cautious examination of the described data, the hy-

pothesis is confirmed within the limit:, of the selected values of

each of the variables. The effect of selected values of the one vari-

able is independent of the selected values of the other variable.
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-riassed-Spaced Practice l'!ode by Concurrent-

lioncancurrent Prectice ibde Zifect

Hypothesis VI states tbat: There is no interaction between

massed-spaced practice nodes and concurrent-nonconcurrent practice

modes which significnntly affects motor performance.

A summary of tlae complete analysis is presented in Tables

2-5. The analysis of variance yielded insignificnnt and low F

ratios in Problems 1 and 2 which involved the criterion test and

binary scoring system. Problems 3 and h yielded significant F

ratios at the .05 level. Step analysis scores were -iven in these

problems. ibe significant F retios vanished when a pooled error

term was used.

The analysis of veriance and marginal mean differences for

each of these variables have been present-d and analyzed in previous

sections. Significcnt differences did not ap-aear to exist among

massed-spaced practice modes. The hypothesis concerning significant

differences between the concurrent and nonconcurrent practice modes

was not confirmed. However, judgment was suspended because some of

the evidence pointed towards the possibility that further research

might reveal significant differences. 1Te marginal means of each

of these variables were not signific ntly different except in ProbT

lem 4 where the concurrent mode wes superior.

The results of the Duncan test in terms of possihle inter-

actions must be regarded with the usual caution and perhnps even

more so with the nixed pattern of F retios occurring in tine flur

problems. An inspection of the results of the Duncan test in Table

6 reveals no discernible petterns in Problems 1 and 2. In Prob-

lem 3 and 4 the Duncan results suggest that concurrent practice modes

Trily become more effective as the practice mode becomes more massed.

Conversely, the results suvest that the nonconcurrent practice mode

may becore riTe effective as the practice mode becomes more spaced.

The significant mean differences appear to foll within this general--

ization. However, this observation must be regarded cautiously and

should serve as a stimulus for further research.

An examination of the cell means in Table 11 in terms of the

variables involved reveals the possibility of some interaction in

Problems 1 and 2 where the binary scoring system was used and where

no significant F ratios were flund for this interaction. The exami-

nation of the cell reans in Problems 3 and L. reveals a pattern of

interaction. The nonconcurrent practice mode hecores more effective

as the practice hecomes more spaced.
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in examination of the number of subjects in each experimental
condition wiao were able to tie the knot correctly reveals that es the
practice became more massed, an increasin number of subjects in the
concurrent node became more successful. As practice became more
spaced, an increasing number of subjects in the nonconcurrent mode
became more successful. These results are presented in Table 8.

On the basis of the rt.sults of the four analyses of variance
and a cautious exanination of described data, the hypothesis is not
confirmed. Even though the f ratios in Problems 1 and 2 would lead
towards n acceptance of the hypothesis, the significant F ratios at
the .05 level in Problems 3 and 4 present evidence th:et interaction
may exist. The effects of the selected values of one variable may
riot be independent of the selected values of the other variable.
Judgment should be suspended and further research should be undertaken
on the main and interaction effects of these two variables.

Rate of Presentation by Massed-Spaced Practice Mode
by Concurrent and Nonconcurrent Practice Mode Effect

Hypothesis VII states that: There is no interaction among
rate of presentation, massed-spaced practice modes and concurrent-
nonconcurrent practice modes which significantly affects motor
performance.

A summary of the complete analysis is presented in Tables 2-5.
The analysis of variance yielded significant F ratios in all of
the problems. The results of the analyses wi.thin the limits of the
selected values of the three variables confirm the hypothesis. the
interactions of any two of the variables are of the same form for
the separate levels of the third variable.

This three-way interaction was not statistically significant.
However, it proved interesting to examine the nature of the relation-
ship among these v?riables in each of the problems. The rate of
presentation and concurrent-nonconcurrent interaction was examined
separately for each level of the massed-spaced practice modes and
also averaged over the levels of the massed-spaced practice modes
for each of the problems. The means are presented in Table 11.
An examination of the means in each problem suggests the possibility
of a higher order three-way interaction being found in future research.

Winer (1962) cautions against making posteriori comparisons and
particularly when the overall F ratio is insiEnificant as it is in all
of the problems. It should be stated that the results that are graph-
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ically represented and sest ae possibility of interactiln could

have occLrrE'd from within t're probability range of chance. It does

appear inportPnt, however, to dr-,w attention to the possibility of

interPction bein fYund in future research because the F ratio for

the three-way interaction approached the .05 level of Eirnificance

in Proi-lems 3 and L. If si2niiicant interaction were flund, the

statements on the main effects of Vle va,rial-les would have to be

Qualified.

In smmary, on the I-asis of tIle analyses of variance the

hypothesis was confirmed vithin the limits ol the selected values

of the three variables.

Finally, an analysis of the data fbr each problem revealed

that the seat position in the laboratory appeared to have no sig-

nificant effect on performance. The five testing positions were

very close together, although separated by styrofoampanels. Per-

haps a seating effect might have been fwnd if more subjects had

been tested at one tire.
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CONCLUTre:S .n ?ToM/4 '11-7.NS

The purpose of this study wes to investigate the effects of

various rates of presentation in c3rbination with massed and spaced,

concurrent and noneoncurrent practice modes on film-mediated per-

ceptual motor performance. The experimental evidence provides support

for the followine conclusions that c:-11 be made within the limitations

of the selected values of the variables, the population that was

represented by the sample and tl,e, level of significance that was

adopted before the experiment begnn:

1. Decreases in rate of presentation arc accompanied by

improved perceptual motor performance.

2. The scale of measurement and choice of dependent variable

influence the amount of stmificant differences that appears.

3. Massed-spaced practice modes in and of themselves do not

differ significantly but ghow some evidence of interacting with con-

current and nonconcurrent modes in tests wher- step analysis scores

are given. Judgment on this possible interaction Should be suspended

pending further significant evidence.

4. There is a significant main effect of concurrent-noncon-

current practice modes on perceptual motor performance in tests

where step analysis scores are 4ven. However, judgment on this main

effect should be suspended pending fUrtIner significant evidence.

5. There are no other siFnificant interactions between or

among the variables. Any interactions that ere sugested by graphic

illustration of mean differences could have arisen by chance. Future

suggested research should be conducted to determine whether these

interactions exist.

Faster and slower rates of presentation, including stop-motion,

should be investieated. These rates shluld be examined independently

and in various combinations. More massed and spaced modes should be

investigated independently and in combination with each other, A

comparable investigation into combined concurrent-nonconcurrent prac-

tice modes should be conducted. An examination of more values of

each of the selected variables mitiht yield significant differences

among the values both when the values are examined independently and

in various combinations. Such an investigation might nlso reveal

significant inter-varidble relationships.

Follow-up research could involve the use of the video tape

recorder for recording the performance of subjects. These video

tapes could be used in variaus ways. They could be used for later

examination and verification of scoring. They could be used analyti-

cally after the experiment to compare performance and reveal in-

formation not planned beforehnnclQ They could he used in the experi-

ment to investig-te the effects of visual feedback on individual
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performance. ihey also could be used in the developing research on
perception where sensory feedback is distorted and delayed and sub-

sequent effects on performance is evaluated.

Once a body of cientific evidence begins to develop on the
behavior of individual subjects, investigation could proceed into the

area of the effect of the group on individual performance. This ex-

periment could be repeated without the panels that separated the stu-

dents from each other. Decoys could be planted in the experimental

groups and the effect of their behavior on the group could be studied.

For example, a treatment involving established poor conditions of
learning could be adm'nistered to different groups of Tecific Intel-

likence, sex, age, dexterity, level of anxiety, etc. A coached decoy

could be planted in the group and he would be overtly successfUl du-

ring the experiment. What is the effect on the performance of the

other subjects in the group? This procedure could be used with or

without the decoy and in the group and individual experiment and

yield fruitful results. -The experimentE.r noticed during this in-

vestigation that the poor conditions of learning seem to frustrate
what appeared to be normally successful subjects. Also, some sab-

jects performed well during the practice period but appeared to
break down under the stress of the testing period. This should be

examined further in individual and group experiments within this

multivariable framework. Who are these subjects that are affected
by group factors and conditions of stress? levels of organismic

variables carefully built into the research design can help to pro-

vide this valuable information.

This study can serve to generate further research and many
related follow-up studies were suggested and described. The develop -

meut of an integrated body of evidence will lead towards more use-
ful practices in the instructional process involving perceptual motor

learning in such diverse areas as the performing arts, special ec-

ucation for the handicapped and athletics. Such research may in-

fluence educational practice as well as provide insight into how

complex:perceptual motor skills are learned and how conditions of
learning may influence perc,,,Iption and personality.
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Tape artridge 1. You are going to s-e a knot being tied and
then tested to see if it is correct. If tha knot is correct, it will
be released when it is placee on the testing device. If it is not
correct, it will tangle on the testing device. You vill see and tien
practice the same knot throtf,hout the entire practice pe-riod. You
will be able to watch the knot being tied and tested first4 ihen you
will have a chame to tie and test tl-e knot yourself. iwery watch-
ing period is PIllowed by a chance for you to practice tying and test-
ing the knot. You will be iven instructilns when to watch and when
to tie once the film st.arts. You bill view and practice until you
hear that your rractice period is over. Then you will he Friven a
short test to see how ram: accurate knots yole can tie in a certain
length of time.

Before you tie each knot, have the cord lying flat on the table
in front of you just as it is now. zhen pick it ip s the film be-
gins. If your cord is tangled from a previous knot-tying, take an-
other one off the testing device arci place it flat on the table
ready for use.

You wi 11 have the same amount of time to tie your knot as is
given for tl-e knot that is tied on the film. Don't go 'r-e-zr?nd this
time. If you haven't finished tying your knot within the tire limit,
stop. and Fet ready for the next one. tthen you watch the knot being
tied on film, your cord should be on the tat-le and your hands at rest.
(tape stops)

Tape Cartridge 2. ,vatch th.e r action very carefblly
while the- knot is being tied. Some of the fin(-er actions are slow--
others are quickerbut every fir;er acti )n is important and t1.1
correct knot can be tied only by usin& all of the finger actions.
You must use the specific fing,er used in the filir for each fingcr
action in order to end up with the correct knot. Japrnine your knot
rind the film knot often throughout the pra ,eee session to see if
they a-,-e the same. You could be missing or doing incorreetly some
of the finFer actions and yet not realize it. Also you could he
tying an incorrect knot that does release on the testing device but
is missing one or more important finger actions. Carefully notice
the final pattern of the film knot and your knot throrghout your
practice period. You should check constantly to see that they ere
the same. Also notice v'nich hole in the knot is 'placed over t1-e
testing device in order to release the knot. Finally, you may have
the correct knot p;ttern though sometimes it may not ir-e obvious to
you. Gently move the finRers to see i.f the correct pattern and test-

hole appear--now get ready for your practice period. '.-,Fatch the
knot and then ti.e ars.1 test your knot accordin' to the instructions
that follow. Your practice period vill be over when you hear tiE
command to stop. (tape stops)
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Tape Cartridge 3. (These instructions vary according to the

experimental treatment. The instructions for all treatments are

given in the next section of this appendix).

Tape Cartridge 4, Stop! Your practice period is over. Place

the loops on the testing device and make sure they aren't tangled.

Place one loop flat on the table in front of you ready for your test-

ing period. iiow yoL may relax for a minute before beginning your

test. (tape stops)

Please get ready for the test. (tape stops) You are going to

be tested on the number of accurate knots you can tie in the next

five minutes. Tie as many accurate knots as you can. Only the acc-

urate ones will count. Keep tying until you set the command to stop.

Tt your cord gets tangled, take another loop off the testing device.

Place the cord flat on the table in front of you for the first knot

only. Don't pick up the cord until you gct the command to start.

Then you may keep the cord in your hands for all the knots from then

on. Rerember--tie as many accurate knots as yo- can in the next five

mimtes and keep t1:-ing until you hear thE command to stop.

%fore you test each of your knots, hold the finished knot

position and call out the word check. We will look at your knot

quickly nnd then Psk you to test it on the testing device. Are

there any questions? (tape stops) *

Ready--start! (tape stops)

Stop! The test is over. Please don't discuss any part of

this experiment with anyone until you have received a copy of the

abstract. Thank you for being in the e)Teriment. (tape stops)

* (Insert live comment here) If you have not been getting the knot

during the practice period, keep practicing and trying to get the

knot and test it during the testing period.
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One Concurrent
Viatch the film knot being tied and tested. (stop)

atch the film knot while yot tie and test yollr knot. (stop)

Put your loop on the table. (stop)

One Nonconcurrent
Ijatch the film knot being tif.d and tested. (atop)

Now you tie an6 test your knot. (stop)

Put your loop on tie table. (stop)

Three Concurrent
'v,atch the film knot teinL:

Knot I. (stop) Knot 2.

1.atch the film knot while

Knot 1. (stop)

Put our loop on the
Put your loop on the
Put your loop on the table. (stop)

tied and tested three times in a row--

(stop) Anot 3. (stop)

you tie and test three knots in a row--

table--tie
table--tie

and test
and test

hnot 2. (stop)

hnot 3. (stop)

Three ionconcurrent
Watch Ihe film knot rein? ticd and tested three times in a raw--

Knot I. (stop) Knot 2. (stop) Knot 3. (stop)

Now you tie and test three knots in a row--Knot I. (stop)

Put your loop on the table--tie and test Knot 2. (stop)

Put your loop on the table--tie and test Knot 3. (stop)

Put your loop on the tgble. (stop)

Six Concurrent
Vatch the film knot heing tied and tested six times in a row--

Knot.l. (stop) Knot 2. (stop) Enot 3. (stop) Knot 4. (stop)

Knot 5. (stop) Knot 6. (stop)

Now watch the film knot while you tie and test your knot six titres

in a row--Knot I. (stop)

Put your loop on the t')ble--tie and

Put your loop on the tal-le--tie and

Put your loop on the table-tie and

Put your loop on the table-tie and

Put your loop on the bable--tie and

Put your loop on the table. (stop)

test Knot 2.
test Knot 3.
test Knot L.
test Knot 5.
test Knot 6.

(stop)

(stop)

(stop)

(stop)

(stop)

Six Nonconcurrent
Watch the film knot being tied and tested six tines in a row--

Knot 1. (stop) Knot 2. (stop) Knot 3. (stop) Knot 4. (stop)

Knot 5. (stop) hnot 6. (stop)

Now you tie and test six knots in a row--Knot 1. (stop)

Put your loop on the table--tie end test Knot 2. (stop)

Put your loop on the tabIe--tie and test Knot 3. (stop)

Put your loop on the table--tie and test Knot 4. (stop)

Put your loop on the table-T-tie and test Knot 5. (stop)

Put your loop on the table--tie and test Knot 6. (stop)

Put your loop on the table. (stop)
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Problem 1: Knots

Cell numbers

I. 1 1 1
2. 1 1 2
3. 1 2 1
4. 1 2 2
5. 1 3 1

6. 1.3 2
7. 2 1 1
8. 2 1 2
9. 2 2 1

10. 2 2 2

11. 2 3 1
12. 2 3 2
13. 3 1 1
14. 3 1 2
15. 3 2 1

16. 3 2 2
17. 3 3 1
18. 3 3 2

Marginal Means

Variables

1

2

3

Means

5.00000
4.80000
4.10000
5.50000
4.90000

3.80000
2.90000
4.40000
1.90000
3.20000

3.20000
4.10000
2.30000
2.10000
1.90000

0.00000
2.30000
0.00000

Cate- Means
gories

1 4.68333
:2 3.28333
3 1.43333

1 3.58333
2 2.76667
3 3.05000

1: 3.16667
2 3.10000

Problem 2: Tests

Ce11 numbers Means

1 1 1 4.90000
I 1 2 4.50000
1 2 1 3.30000
L 2 2 5.00000
1 3 1 4.60000

1 3 2 3.70000
2 1 1 2.90000
2 1 2 4.30000
2 2 1 1.90000
2 2 2 3.00000

2 3 1 2.L1000O

2 3 2 3.90000
3 1 1 2.30000
3 1 2 1.70000
3 2 1 1.90000

3 2 2 0.00000
3 3 1 1.40000
3 3- 2 0.00000

Marginal Means

Variables Cate- Means
gories

2

3

1 4.33333
2 3.06667
.3 1.21667

1 3.43333
2 2.51667
3 2.66667

1 2.84444
2 2.90000



2rob1em 3: Practice step Problem 4: Test step

Cell numbers Means Cell numbers Means

1. 1 1 1
2. 1 1 2

3. 1 2 1

4. 1 2 2
5. 1 3 1

6. 1 3 2
7. 2 1 1

8. 2 1 2
9. 2 2 1

10. 2 2 2

11. 2 3 1
12. 2 3 2
13. 3 1 1
14. 3 1 2
15. 3 2 1

16. 3 2 2
17. 3 3 1
18. 3 3 2

7.70000
7.50000
7.10000
6.10000
7.00000

4.90000
7.50000
6.00000
6.60000
6.60000

,

7.00000
5.50000
5.10000
5.30000
6.10000

4.00000
6.60000
2.30000

1 1 1
1 1 2
1 2 1

1 2 2
1 3 1

1 3 2
2 1 1
2 1 2
2 2 1
2 2 2

2 3 1

2 3 2
3 1 1
3 1 2
3 2 1

3 2 2
3 3 1
3 3 2

Marginal Means Marginal Means

Variables

1

2

3

Cate-
gories

Means

1 6.71667
2 6.53333
3 4.90000

1 6.51667
2 6.08333
3 5.55000

1 6.74444
2 5.35556

'
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Variables

1

2

3

6.90000
7.50000
7.40000
6.10000
6.30000

4.90000
7.00000
5.30000
6.00000
6.00000

6.90000
5,50000
4.90000
5,60000
5.70000

3.90000
7.10000
2.30000

Cate-
gories

Means

1 6.51667
2 6.11667
3 4.91667

1 6.20000
2 5.85000
3 5.50000

1 6.46667
, 5.23333


